Indian Council of Medical Research recently conducted a study across four states in India (India Diabetes Study) and estimated that there were 62.4 million people with diabetes and 77.2 million people with prediabetes in 2011. [2] In some parts of India, the prevalence rate is as high as 20% among adults in urban areas and 10% in rural areas in those aged 20 years and above age?. [3] The number of people with diabetes in India is predicted to S20 increase to 109 million by 2035 on account of population ageing and continuing socioeconomic status coupled with environmental and lifestyle changes. There is also evidence that Asian populations have a genetic predisposition to diabetes. [4] Diabetic retinopathy (DR) is an important complication of diabetes. Globally there are an estimated 93 million people with DR, 38 million with the sight-threatening DR (STDR) forms, i.e., proliferative type (17 million) and cystoid/macular edema (21 million). [5] Studies in India have shown that between 18% and 34% of known diabetics have DR (of any severity). [6, 7] There is a considerable body of evidence that the risk of blindness from DR can be reduced by better management of the known risk factors (i.e., hypertension, [8] blood glucose, [9] and lipids [10] ) and by early detection and treatment of STDR. [11] [12] [13] In India, the government has recently responded to the increase in noncommunicable diseases (NCDs) by establishing the National Programme on the Prevention and Control of Cancer, Diabetes, Cardiovascular diseases and Stroke. The program entails identification of those at risk at the community level, with referral to Primary and Community Health Centres for confirmatory diagnosis and treatment. However, the program does not currently emphasize control of the complications of diabetes, including DR. Lack of policies for control is compounded by the lack of knowledge of the risk of blindness among people living with diabetes as well as service providers in India. [14, 15] A study from South India showed that only a fifth of the paramedical personnel and a tenth of the persons with diabetes were aware that poorly controlled blood glucose was an important risk factor for DR. [14] Many studies in India show that more than 50% persons with diabetes have poor glycemic control, [16, 17] uncontrolled hypertension and dyslipidemia. [18] All these are potential risk factors for DR. Added to this is the finding that a significant proportion of persons with diabetes do not know that they have diabetes. For example, a recent study in 11 cities in India showed that 27.6% of newly detected middle-class diabetics did not know they were diabetic. [19] The situation is likely to be worse in economically and socially disadvantaged populations.
Recent data from India show that DR is responsible for 3.5% of blindness and severe visual impairment among people aged 50+ years. [20] As the prevalence of diabetes increases and persons with diabetes live longer, the risk of STDR increases exponentially. India is sitting at the threshold of an impending "epidemic" of STDR unless proactive measures are taken to integrate control into the Government of India's program for NCDs. Having said this, there are a number of initiatives in India, mainly initiated and run by the nongovernment eye care providers, for the detection and treatment of STDR, [21, 22] but these have not been evaluated for coverage, cost effectiveness or sustainability and their ability to be taken to scale.
The Queen Elizabeth Diamond Jubilee Trust (the Trust) has recently provided support to develop a program for the prevention, early detection and management of STDR at district level in India. As the first step in the process, it was decided that baseline information should be gathered on existing services for the care of persons with diabetes and for managing DR and on the perceptions of persons with diabetes regarding the eye complications. The information was presented at a national, multidisciplinary Summit in April 2014 when the main gaps in service provision were identified and strategies for control delineated. In this paper, the methods used in the study are presented. A number of companion articles highlight the findings of this situational analysis.
The study had two broad aims: First, to assess services for the management of persons with diabetes and DR in hospitals and clinics in the largest (most populated) cities in India, and second, to evaluate the approaches being used by eye care providers to detect and treat STDR and to identify best practices in relation to responsiveness, acceptability, efficiency, equity, and sustainability. The specific objectives were to review current government policies for NCDs, focusing on diabetes and control of the complications; to map large public and private sector institutions providing services for diabetics and for DR (physician and eye care facilities) in the largest cities in India; to ascertain the workload and strategies adopted for DR and referral pathways; to determine the proportion of diabetics who know about the eye complications of diabetes, and the proportion who have had a retinal/eye examination; to assess the capacities of eye hospitals (both private and public sector) to manage DR and whether they are proactive in detecting STDR; to undertake in-depth evaluation of at least eight different models for detecting STDR (e.g., telemedicine; eye camps for diabetics; mobile training and treatment); and to identify best practices for screening and management of DR.
Methods

Ethical approval
Ethical approval was obtained from the Institutional Review Committees of London School of Hygiene and Tropical Medicine and the Indian Institute of Public Health (IIPH), Hyderabad.
Informed consent
Written informed consent was obtained separately from the head of the institution and from each of the interviewed clients of services.
Definitions used
For the purpose of this study the following operational definitions were used: • Public funded: Facilities which were financed by the national or state governments or statutory bodies financed and controlled by the national or state governments • Private-funded: Facilities which were financed by organizations or individuals on their own. These 
Layout
The methods will be described in two sections. First, the situation analysis of service providers, and secondly, evaluation of current initiatives for the detection and treatment of STDR will be described.
Situation analysis of service providers
Mixed-methods, i.e., qualitative and quantitative techniques were used to collect data from provider and clients' perspectives. Providers were teams in diabetic clinics (diabetologists, physicians, counselors, dieticians) and eye care teams providing clinical services for patients with DR (ophthalmologists, senior managers). Clients' perspectives were also sought by interviewing outpatients attending diabetic clinics and outpatients with DR attending eye departments/clinics.
Study location
A wide consultative process was adopted to decide where the study would take place and which cities to include. As the prevalence of diabetes is higher in urban than rural areas a decision was made to focus on services in urban areas, recognizing that these would probably represent the best available in India. Many services in urban areas are tertiary level referral centers for neighboring districts and smaller towns in the vicinity. If the services in these cities were sub-optimal, it is highly unlikely that services in smaller cities and towns would be better.
Selection of cities
All cities in India were ranked in by population size (2011 census) and the 10 most populous cities were selected [ Table 1 ].
[23] As only one city (Kolkata) was in eastern India, the twin-cities of Bhubaneshwar and Cuttack were included to broaden geographical representation. Eleven cities were finally included in the study: Ahmedabad (Gujarat), Bengaluru (Karnataka), Bhubaneshwar (Odisha), Chennai (Tamil Nadu), Delhi, Hyderabad (Telangana), Jaipur (Rajasthan), Kolkata (West Bengal), Mumbai (Maharashtra), Pune (Maharashtra) and Surat (Gujarat). In addition, eye care models for screening for DR at the community level were assessed in three additional cities -Madurai (Tamil Nadu), Tiruvanthapuram (Kerala) and Noida (Uttar Pradesh).
Selection of health facilities
Two stage systematic, stratified random sampling was used to identify facilities to be included. In the first stage, cities were stratified based on their population (more than or less than 7 million) with a larger number of health facilities being included in bigger cities [ Table 2 ]. In the second stage, a random sample was drawn from a list of hospitals/clinics meeting the inclusion criteria in each city.
The size of the health facility and provider (i.e., public funded; private-for-profit; private-not-for-profit) were used Assessment of infrastructure in eye care and diabetic care facilities Semi-structured interviews were conducted with physicians/diabetologists and eye care providers. In both types of service, the six elements of the World Health Organization's framework for health systems were evaluated i.e., number of staff and their skills; availability of infrastructure, equipment, laboratories, and medication; whether clinical guidelines and protocols were available as well as information for patients. All interviews were audio-recorded after obtaining permission respondents. All interviews are transcribed and translated into English for analysis.
Selection of patients for interview
Patients were randomly sampled at diabetes hospital/clinics and eye care hospital/clinics [ Table 2 ] after obtaining permission from hospital administrators. At each diabetic care facility, 4-6 patients with diabetes were identified among those waiting for doctor's consultation, selecting equal numbers of males and females. Two patients in each of the following age strata (<50 years and >50 years) were interviewed. Similar procedures were followed in eye care facilities, but patients were only recruited after they were identified as having DR by the ophthalmologist. Since it was very difficult to identify younger patients with DR, in some cities only three age groups (<50 years and >50 years) were recruited. Interviews were conducted by trained interviewers using structured questionnaires.
In both types of clinics, patients were interviewed to assess their knowledge of diabetes and DR, to assess their health seeking behavior and the challenges they face in controlling their diabetes and/or in accessing services.
Data collection instruments
Personnel managing the programs were interviewed and data recorded using pretested data collection instruments. A consultation of key stakeholders was organized to finalize the methodological questions, instruments, and scope of the study. The following protocol was used for data collection.
Diabetic care providers:
The following instruments were used: Semi-structured questionnaires were administered to the Senior Administrator or Head of Endocrinology Department on diabetes services; in-depth interviews were conducted with Senior Physician/Heads of Endocrinology/Internal Medicine Units using interview guides; structured questionnaires were administered to counselors, dieticians and patients, and an observation checklist was used to assess available equipment and services.
Eye care providers:
The following instruments were used: Structured questionnaires were administered to the Senior Administrator or Head of Department; in-depth interviews were conducted with the Senior Physician or Heads Departments in the eye clinics or retina unit; structured questionnaires were administered to DR patients attending eye hospitals, and an observation checklist was used to assess available equipment and services. All data collection instruments for patients, and the information sheets and consent forms, were translated into the local language and back-translated into English. The instruments were translated into eight Indian languages -Hindi, Telugu, Tamil, Oriya, Bengali, Gujarati, Marathi and Kannada. The data collection instruments were pretested in an eye hospital and a general hospital in Medak district, Telangana. Some questions were subsequently dropped or modified.
Data collection teams
Five dedicated teams each comprising a public health specialist/senior researcher from IIPH, a trained interviewer and two research assistants were constituted for data collection. The teams were first trained at the IIPH, Hyderabad for 3 days. Mock interviews were conducted by team members followed by a pilot in two locations in Medak district, Telangana state.
Data management and analysis
Databases for all the structured questionnaires and observation checklists were created in MS Access 2010.
The following features were included to reduce data entry error, i.e., validation, skip pattern, drop down menu, auto calculation, etc. Data was entered by trained data entry operators. For the purpose of data protection, a login and password were created, and copies of the database were stored in three different systems. Data were then cleaned using appropriate steps and transferred into Stata and R (Stata Corp, Texas, US and R Foundation, Vienna, Austria) software for analysis. Numerous cross-tabulations were performed, focusing on the counts/frequencies of different types of facilities of DR.
Evaluation of initiatives for the detection and management of diabetic retinopathy
The purpose of the evaluation was to describe and evaluate the different approaches being used across the country for the detection and management of DR and more specifically treatment of STDR. The evaluation assessed each approach from the perspectives of collaboration and partnerships, effectiveness and efficiency, sustainability, integration, comprehensiveness and responsiveness and cost effectiveness with a view to identifying approaches that could be adopted or modified and taken to scale with support from the Trust. A range of different models was identified through prior knowledge of the authors, and by identifying additional providers during the situation analysis and snowballing. Some providers used more than one approach. Criteria for selecting the models were that they used different approaches (e.g., telemedicine; eye camps for diabetics; mobile screening with or without training and treatment; screening in clinics for diabetics), and hospitals providing large community-based screening programs for DR, by the government and private facilities.
A team of senior community eye care physicians developed a framework and protocol for mapping and analyzing services in terms of human resources, protocols, methods used and validity of screening procedures, monitoring follow-up of those who failed screening and those referred for treatment, and initiatives to improve uptake. Site visits and interviews, as well as reviewing information presented, were undertaken for this question. Information was collected on the processes used in all steps of the program, from how diabetics were identified for screening through to policies about follow-up after treatment. Multiple approaches were used to assess the parameters outlined above. First, a range of closed-ended questions were administered, drawing on the published literature whenever possible, followed by a detailed observation checklist on service provision, manpower, infrastructure, governance structure, community outreach program, etc., was used to collect information. Finally, service providers were asked to rank their service on a scale of 1 (low) to 100 (high) for each parameter included in the assessment. Data were managed as above. The methods used for this component of the study are described in more detail in a separate paper.
Coverage
A total of 859 units were included in the study [ Table 3 ], including 14 eye care providers managing programs for the detection and treatment of STDR, which was more than initially planned.
dIscussIon
In this study, a range of different types of facilities caring for diabetics and those with DR were assessed, and the perceptions of patients regarding diabetes and DR were gathered in 11 cities across India. Three further cities were included in the program evaluation component. This is the largest and most comprehensive study of its kind in India. Findings are being used to inform elements of a comprehensive integrated district model of screening and management of DR embedded in the Government health system. The Queen's Trust working in partnership with the Public Health Foundation of India is supporting some of these initiatives for DR in India, including models for the detection and treatment of STDR which are integrated into the government of India's program for the control of noncommunicable diseases.
conclusIons
The findings of the study will be used to plan for needbased services for diabetic retinopathy in India.
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